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Abstract 
In this paper, nano NiFe2O4 and CoFe2O4 was prepared by simple metal chloride precipitation method and the prepared sample 
was characterized using X- ray diffraction and FTIR. XRD pattern reveal the formation of cubic spinel phase of the prepared 
sample and the average crystalline size was found to be less than 60 nm.  A solid state reference electrode has been fabricated by 
MFe2O4 and its suitability for using it as a potential sensor in high alkaline medium was analyzed by reversibility and 
polarization studies. The studies proved that the sensor is highly stable in alkaline environment and can be used as an embeddable 
sensor for corrosion monitoring of reinforced concrete structures. 
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1. Introduction 
The deterioration and further destruction of corrodible structures such as piping, tanks, steel embedded in 
concrete etc., leading to serious economic problems. The corrosion monitoring techniques are used to inspect and 
predict the corrosion damage level of these structures. Both electrochemical and non destructive method are the 
most suitable techniques adopted to know the status of the engineering structures and have been widely used for 
corrosion monitoring. One among the methods is open circuit potential (OCP) measurements of corrodible structure 
with respect to standard reference electrodes, like Hg/HgO, Hg/Hg2Cl2, Cu/CuSO4. OCP was measured (surface 
mounted techniques) [1] with respect to reference electrode placed on the surface of the concrete structure and the 
potential of steel was measured with the help of high impedance multimeter. These types of reference electrode 
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contains liquid electrolyte like CuSO4, chloride solution, which may easily penetrate into the concrete structure and 
induces the corrosion of embedded steel. Hence the development of the solid embeddable reference electrode is 
essential for real-time application of corrosion monitoring in concrete structures.  
 The embeddable reference electrode of M-Metal oxide was sequentially investigated by Muralidharan et. 
al., [2-5] and it offers a platform for the future development of solid embeddable potential sensor application in 
concrete structures. The present study is focused on the development of solid embeddable electrode by using 
CoFe2O4 electrode material instead of NiFe2O4 and the performance of embeddable electrode was evaluated as 
reported elsewhere [2]. 
2. Experimental  
2.1 Material and Methods 
 All chemicals used were of analytical grade and were used as received without any further purification. All 
solutions were prepared with deionized water of resistivity not less than 18.2 M cm-1. 
2.1.1. Preparation of NiFe2O4 and CoFe2O4  
The active electrode material of NiFe2O4 and CoFe2O4 was prepared by simple co-precipitation method [6]. 
Metal chlorides (M = Fe, Co and Ni) nickel chloride (NiCl2.6H2O) or cobalt chloride (CoCl2) was dissolved along 
with iron chloride (FeCl3.6H2O) with stoichiometric ratio of 2:1. Then appropriate amount of  NaOH solution was 
added to the metal chloride solution under vigorous stirring, either black or dark-brownish precipitate was formed 
immediately. Once the precipitate settles, the supernatant liquid was decanted and fresh demonized water was 
added. The consecutive solution decanting and water-replenishing processes were carried out to remove residual 
ions. The powder was prepared by drying the precipitate at 80°C and the powder was sintered at higher temperature 
of 500°C and 800°C for 5 hours. The schematic representation of MFe2O4 is given in Fig.1. 
 
Fig 1. Schematic representation of MFe2O4 synthesis 
2.1.2 Physical Characterization of Active Electrode Materials 
 Prepared sample powder was characterized using X-ray diffraction techniques using PAN elliptical D8 
advance Diffractometer, with a Cu KĮ radiation (1.5406˚A) and a graphite monochromator, from 10° to 90° 
Precipitating Agent 
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diffraction angle. FT-IR spectrum was recorded by using of bruker-tensor 27 analytical instruments with opus 6.5 
version software, in the range of 400 cm-1 to 4000 cm-1 using KBr pellet method.  
2.2. Fabrication of Embeddable Reference Electrode 
  Solid state embeddable sensor was fabricated as reported earlier [4] by using synthesized ferrite material as 
active electrode material. The solid state embeddable sensor consists of  three compartments namely:  porous 
cement plug (Ordinary Portland Cement, constituents is given in Table 1) membrane as bottom layer, alkaline 
conducting layer as middle layer and potential sensing active ferrite material as top layer. The schematic diagram 
and fabricated sensor is shown in Fig 2. 
 
Fig 2. Schematic diagram and fabricated sensor 
2.3. Test Solution 
The performance of the sensor was evaluated in simulated concrete environment medium such as saturated 
Ca(OH)2 solution (pH~12.5) and cement extract solution.  Cement extract solution (pH~13) was prepared by using 
100 gm of OPC and it was mixed with 200 ml of distilled water and mechanically shacked for 1 h. Finally extract 
was collected by filtration. 
Table 1. Composition of ordinary Portland cement 
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3. Sensor Characterization 
 All the electrochemical measurements were performed at room temperature of 34±2°C. 
3.1. Stability Test in Alkaline Solutions 
The electrochemical stability (half cell potential) of the sensor was monitored in different alkaline solutions 
with respect to saturated calomel electrode (SCE) over the exposure period of 30 days for ensuring the potential 
stability.  
3.2. Reversibility of Sensor 
Reversibility of the sensor was characterized by cyclic polarization method using ACM instruments, UK in 
three electrode cell setup, which consists of fabricated sensor as working electrode, platinum (1 cm2) and SCE as 
counter and reference electrode respectively. The potentiodynamic condition corresponds to the ±20 mV from the 
open circuit potential and potential sweep rate of 1 mV s-1. Ecorr value of two half cycle was noted for ensuring the 
reversibility of sensor.  
3.3. Polarization Behavior of Sensor 
Potentiodynamic polarization test was carried out using the three electrode cell assembly in different 
alkaline solutions as namely saturated calcium hydroxide solution and cement extract using ACM instruments, UK.  
Potentiodynamic condition corresponds to the ±200 mV from the open circuited potential at a sweep rate of 1 mV s-
1
. 
3.4. Impedance test 
 Electrochemical impedance characteristics of fabricated sensor was measured using ACM instrument in 
three electrode cell setup as mentioned above, with a frequency range of 30 kHz to 10 mHz at open circuit potential 
vs SCE and AC amplitude of  5 mV. The impedance spectra were plotted in the form of complex plane diagrams 
(Nyquist plots, Zim vs Zre). 
4. Results and discussion 
4.1. Physical Characterization 
Fig. 3a and b show the X-ray diffraction pattern of the as prepared NiFe2O4 and CoFe2O4. All the 
diffraction peaks can be indexed to the face centered cubic structure with Fd3m space group of spinel ferrites 
MFe2O4 where M= Ni and Co. All the diffraction peaks are closely matched with JCPDS pattern of  86-2267 for 
NiFe2O4 and 22-1086 for CoFe2O4.The calculated lattice parameter of a=8.30 and a=8.31 matched with JCPDS 
pattern values of NiFe2O4 and CoFe2O4 respectively. Average crystalline size of the prepared material was 
calculated using debye scherrer equation. Esteemed crystalline size was found to be 50 nm for NiFe2O4 and 14nm 
for CoFe2O4 
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Fig 3. X-ray diffraction pattern of synthesized metal ferrites a) NiFe2O4 and b) CoFe2O4. 
 
Fig 4. FTIR spectrum of synthesized ferrite material 
FTIR spectra of as prepared MFe2O4 is shown in Fig 4. Two main metal oxygen bands were observed in 
the range of 400 to 600 cm-1 both of NiFe2O4 and CoFe2O4. Among these the highest band of 568 cm-1and 591 cm-1 
is corresponds intrinsic stretching vibrations of the metal oxygen at the tetrahedral site (MtetraļO), whereas the 
lowest band of  467 cm-1 and 473 cm−1 corresponds to the octahedral-metal stretching (MoctaļO) vibration and other 
peaks observed were due to the atmospheric absorption of impurities.    
4.2 Electrochemical Characterization of Sensor 
4.2.1. Potential Stability in Alkaline Solution 
Fig 5 shows the measured potential of fabricated sensor in different alkaline solution with respect to SCE 
throughout the exposure period of 30 days. Initially the measured potential of   NiFe2O4 and CoFe2O4 sensor was 
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found to be -193 and -170 mV respectively. Potential fluctuation was observed during the initial exposure period of 
10 days. After 10 days of exposure period a stable potential -200±7 mV was notified. The potential fluctuation 
during the initial exposure period may be due to the non uniform micro porous ion conduction of the cement plug. 
The stable potential of -200±7mV indicates the saturated equilibrium of ion conduction of sensing material in 
alkaline electrolyte solution.  In the case of cement pore solution, the potential was observed to be around -196 mV 
and -189 mV. The potential of the sensor is initially varied upto 5 days then it attains the saturation level. Finally it 
gives stable potential, in the range of -200±7 mV with respect of SCE.  Both NiFe2O4 and CoFe2O4 sensor shows the 
same potential in alkaline solution. The test was stopped after 30 days because it reached its saturation level of 
stability within this period. Stable potential indicates good stability of fabricated sensor and suitability  of 
application in high alkaline environment. 
 
Fig 5. Potential stability of fabricated sensor in alkali medium 
4.2.2. Reversibility of Fabricated Sensor 
The reversibility of the fabricated sensor was tested in alkaline solution by cyclic polarization method.  Fig 
6a shows the typical cyclic polarization curves of fabricated solid state potential sensor in saturated Ca(OH)2 
solution. The maximum difference between the two half cycle (Ecorr1 and Ecorr2) measurements was found 8±5 mV. 
Potential difference of less than 10mV was found to be negligible in real time measurements. From the reversibility 
studies it is concluded that a small external potential difference will not change the original potential of fabricated 
sensor. 
4.2.3. Polarization Studies of Sensor 
Fig 6b shows the typical polarization curve of fabricated sensor in saturated Ca(OH)2 solution. It can be 
seen that both anodic and cathodic polarization curves are similar in all cases. The measured icorr value of NiFe2O4 
and CoFe2O4 potential sensor is found to be in the magnitude of 10-3 in saturated Ca(OH)2 solution and cement 
extract solution respectively. Polarization current density was found in range of 0.002-0.004 mA cm-2 for NiFe2O4 
potential sensor and 0.0015-0.0028 mA cm-2 for CoFe2O4 potential sensor in both of high alkaline environment such 
as saturated Ca(OH)2 and cement extract solution. All the results of polarization test conform that the self corrosion 
rate of fabricated sensor was very low and high stability in alkaline environment. 
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4.2.4 Impedance Studies 
Fig 7 shows impedance spectra and proposed equivalent circuit of NiFe2O4 and CoFe2O4 sensor in 
saturated Ca(OH)2 solution. The capacitive behavior was observed in high frequency range of 1500 to 1800 Hz. The 
ionic conduction occurs in the sensor due to the inner conductive layer of alkaline paste. Rs represent the resistance 
of the solution (conduction layer), Rct represent the charge transfer resistance in the sensor components respectively. 
In most of the cases Rs is found in the magnitude of 103 range and Rct value is found in the magnitude of 102 ranges. 
Rs was found in the 1.402 to 2.060 x 103 ohm.cm2 and Rct value was found in the range of 1.05 x 10-2 to 3.08 x 103 
ohm.cm2 for both the sensors [8]. Double layer capacitance (Cdl) were found in the range of 3.66 x 10-6 to 5.82 x 10-3 
F. According to the impedance data large resistance has been observed due to the porous cement plug of the sensor. 
It indicates the low ionic conductivity of the cement plug in the bottom layer of the sensor in both calcium 
hydroxide solution and cement pore solution. 
 
 
Fig 6. Typical a) Reversability b) Polarization curve of NiFe2O4 sensor in saturated Ca(OH)2 solution 
 
Fig 7. Impedance curve NiFe2O4 and CoFe2O4 sensor in saturated Ca(OH)2 solution 
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5. Conclusion 
In the present study MFe2O4 (M=Ni,Co) was synthesized by simple metal chloride precipitation method. 
The phase formation and purity of synthesized sample analyzed using XRD and FTIR spectroscopy. The average 
particle size of the obtained sample is found to be less than 60 nm. Embeddable solid state reference electrode has 
been fabricated and its performance was evaluated in high alkaline environment. The results of indicated that the 
fabricated sensor is found to have a stable potential of -200±7 mV vs SCE at room temperature. Furthermore 
polarization result indicated the stability of reference electrode under the external potential interference. The 
electrochemical stability of high alkaline environment such as saturated calcium hydroxide and cement pore solution 
is also found to be very good. All the above studies conforms the suitability of the sensor material as a candidate for 
corrosion monitoring applications in concrete structures. 
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